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Wednesday, February 29, 2012 655aPrestin belongs to the SLC26 protein family of anion transporters. Prestin
(SLC26A5) is a motor protein essential for the electromotility of the outer
hair- cells (OHC) and therefore the amplification of sound in the cochlea.
This protein is able to convert changes in membrane potential to mechanical
force and to modify the length of the OHC. The electromotility of prestin-
expressing cells is associated with a nonlinear capacitance (NLC) that can be
measured electrophysiologically. Prestin is a mechanosensitive protein and
its function is altered by reagents known to change membrane mechanical
properties.
The non-steroidal anti-inflammatory drug (NSAID) salicylate has been showed
to inhibit the NLC and the electromotility of OHC and prestin-expressing
HEK. It is thought to compete with anions such as chloride for the anion-
binding site on prestin. Other NSAIDs such as ibuprofen, naproxen, piroxicam
or diflusinal can trigger side effects related with hearing and sometime cause
tinnitus by an unknownmechanism. Here, we investigate a possible mechanism
for these adverse reactions by examining the effects of these drugs on the func-
tion of prestin. The prestin-associated NLC is monitored by whole-cell as
well as inside-out patches from HEK cells expressing prestin, and recorded
before and after the perfusion of NSAIDs. This allows a cell-by-cell compari-
son of the NLC parameters in the presence and absence of the tested
molecule. Ibuprofen and naproxen both showed an effect on the half-
maximum voltage (V1/2) and the charge density parameters of the NLC. The
effect of ibuprofen was particularly pronounced, shifting V1/2 from 70 mV
to 52 mV and increasing the maximal charge movement by 30%. Further
studies will contribute to our understanding of whether NSAIDs act through
alteration of the mechanical properties of the membrane or specifically interfere
with prestin function.
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Core body temperature is known affect the static and dynamic properties of
vestibular nerve afferents, although the underlying mechanisms for the differ-
ential sensitivity of the two afferents types to temperature changes are un-
known. We recorded the changes in spontaneous discharge rate, regularity,
adaptation to step hair bundle displacements and responses to sinusoidal
head rotations of single-units to changes in temperature of the crista ampullaris
in the oyster toadfish. Similar temperature gradients were introduced with per-
fusion of temperature-controlled artificial perilymph and with irradiation of the
crista with 980 and 1860 nm light. A broad spectrum of afferent responses to
thermal perfusion was observed: some neurons were insensitive to temperature,
some increased their spontaneous discharge rate, and others showed a decrease
in their discharge rate with temperature. The very short focused pulses of light
at the two wavelengths deliver transient pulses of thermal energy (dT/dt) with-
out large increases in accumulated temperature of cells or tissue. The irradia-
tion of the crista produced different responses from the same afferents for
a similar change in temperature. These results suggest potential wavelength
specific absorption within the vestibular neuroepithelium underlies the differ-
ences between the three forms of heat delivery. Depending upon the hair cell
type irradiated, the fast temperature changes induced may modulate the intra-
cellular Ca2þ levels differently affecting the neurotransmitter release. Regard-
less of the mechanisms involved, the presence of temperature compensating
mechanisms in the hair cell and afferent complex may allow sensitive function
over a wide range of temperatures.
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We previously imaged stereocilia links in glutaraldehyde-fixed mammalian au-
ditory hair cells using hopping probe scanning ion conductance microcopy
(HPSICM, Novak et al. Nat Methods, 2009). Due to the complex three-
dimensional structure of the stereocilia bundle, achieving high-resolution im-
ages required a considerable amount of time (~44 min/bundle). To study the
dynamics of stereocilia link regeneration in real time, we needed a significantly
faster yet reliable way to continuously scan the stereocilia bundles in live hair
cells.
To improve the HPSICM imaging speed, we re-designed the scan head by in-
corporating a faster piezo assembly with a resonant frequency of ~18 kHz forZ-movement. Despite having a less sensitive strain gauge sensor (compared to
the previously used capacitive sensor), the vertical resolution of the system re-
mained the same (~5nm). Significantly smaller inertia allowed mounting the
scan head on a rotational platform and scanning the sample at any angle,
a pre-requisite for the successful imaging of tip links. Moreover, the overall im-
age resolution was slightly decreased and we can now image hair cell bundles
significantly faster (~11 min/bundle).
The performance of the improved system was tested using cultured organ of
Corti explants from the Shaker 2 andWhirlermice due to their short stereocilia
with abundant stereocilia links (typically ~5nm in diameter and ~100-300nm in
length). To test the ability of HPSICM to detect these miniature structures at
high imaging speed we performed continuous time-lapse scanning and looked
for reproducibility of the links in consecutive images. Next, to rule out the pos-
sibility that the observed links were simply scanning artifacts, we disrupted the
links by treating the explants with BAPTA-buffered Ca2þ-free medium. Our re-
sults demonstrate that the improved HPSICM technique successfully visualizes
stereocilia links in live auditory hair cells.
Supported by NIDCD/NIH (ARRA supplement to R01DC008861)
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Auditory system is known for its exquisite sensitivity with sub-nanometer de-
tection thresholds. Mechanical deflections due to external sound and ground
vibrations are converted by inner ear hair cells into electrical signals. In
some species, hair cell’s stereociliary bundles exhibit spontaneous oscillations
under in vitro conditions, a behavior that has been successfully reproduced by
numerical models based on nonlinear dynamics. In this work, we study both
numerically and experimentally the dynamics of individual hair bundles
from the Bullfrog sacculus, at threshold levels of stimulation to elucidate
the mechanisms underlying the sensitivity of detection by the sacculus. We
measure the steady state response to small sinusoidal stimuli, as well as the
time course of the phase locking transition in spontaneously oscillating
bundles.
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Spontaneous oscillations of the stereociliary bundle of a hair cell - the mecha-
nosensory cell in auditory and vestibular systems - is considered to be a
signature of an active amplification mechanism. We study whether an internal
self-tuning process governs the active motility, by mimicking the effects of
loud sound on the spontaneous oscillation. After the application of high-
amplitude stimuli, with deflections on the order of micrometers applied to
the hair bundle, the active oscillatory motion of the hair bundle was suppressed
for hundreds of milliseconds, indicating a change in the dynamic state of the
hair cell. Here we observe the recovery profile of an oscillating hair bundle after
cessation of deflection. Data is compared to mathematical models which
include a feedback equation to capture the temporal changes in the profile of
the limit cycle oscillations.
Peptide & Toxin Ion Channels
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Tolaasin produced by Pseudomonas tolaasii disrupts membrane structures of
cultivated mushrooms, such as Agaricus bisporus and Pleurotus ostreatus (oys-
ter mushroom), and causes brown blotch disease. It consists of 18 amino acids,
its molecular mass is 1,985 Da, and it forms a left-handed a-helix. The mech-
anism of membrane-pore formation of tolaasin molecule has not known in de-
tail. When tolaasin molecule is inserted into the membrane, N-terminus of
tolaasin forms 4 turns of a-helix and the length of tolaasin channel corresponds
to near 20 A˚, a little shorter than the thickness of membrane. Tolaasin channels
are unstable in the artificial lipid bilayer and this may be explained by the
comparison between the length of tolaasin channel and the thickness of lipid
bilayer membrane. In control condition, bilayer was made with phosphatidyl
656a Wednesday, February 29, 2012ethanolamine (PE18:1/16:0) and phosphatidyl serine (PS18:0/18:1). Since this
membrane is thicker than the estimated length of tolaasin channel, mismatch in
thickness may make the channel unstable. Phospholipids composed of medium
or short-chain fatty acids may be helpful to the stability of tolaasin channel by
making the membrane thinner. When phosphatidyl ethanolamines made with
decanoic acids (capric acid, DDPE), myristic acids (DMPE), and stearic acids
(DSPE) were added, DDPE (200 nM) facilitated tolaasin-induced hemolysis.
When the concentration of DDPE was adjusted from 0.2-200 nM, the hemoly-
sis was stimulated at the concentrations above 2 nM. Ks value of DDPE effect
was obtained at 6 mM DDPE. When the preincubation effect of tolaasin and
DDPE was measured, binding of tolaasin to DDPE was completed within 5
min. In the lipid bilayer recording, the addition of DDPE increased tolaasin
channel activity by increasing open probability. Therefore, tolaasin molecules
make more stable channels with phospholipids composed of medium-chain
fatty acids.
3330-Pos Board B191
Competition Effect of DDPE and Zn2D on the Hemolysis Induced by
Tolaasin, a Pore-Forming Peptide Toxin
Young-Bae Yoon, Young-Kee Kim.
Chungbuk National University, Cheongju, Korea, Republic of.
Tolaasin is an antimicrobial peptide produced by Pseudomonas tolaasii and
causes a brown blotch disease by disrupting membrane structures of cultivated
mushrooms. The pore-formation of tolaasin was demonstrated in an artificial
lipid bilayer. The length of tolaasin channel is not enough to penetrate through
the membrane. The additions of phospholipids composed of two medium-chain
decanoic acids (DDPE) facilitated tolaasin-induced cytotoxicity. When tolaasin
was added to RBCs, its hemolytic activity was increased by the addition of
DDPE at the concentrations above 2 nM. Although various tolaasin inhibitors
have been isolated and characterized, no activators are identified up to date.
Therefore, working mechanism of DDPE will tell us about very useful informa-
tion how tolaasin works on the membrane. In the presence of DDPE, the com-
plete hemolysis occurred very fast, within 5 min, compared to the control
experiment of 25 min. Competition effect of Zn2þ, a potent tolaasin inhibitor,
and DDPE on tolaasin-induced hemolysis was investigated. When Zn2þ and
DDPE were added simultaneously, the stimulatory effects of DDPE observed
at low concentrations of Zn2þ. Zn2þ at 0.5 mM inhibited the tolaasin-
induced hemolysis by 70%; however, it was reduced to 30% in the presence
of DDPE at 1 mM. At the concentrations above 1 mM, Zn2þ completely blocked
the tolaasin activity and no effect of DDPE was measured. In these experi-
ments, the effect on the tolaasin-induced hemolytic activity was dominated
by Zn2þ rather than DDPE at Zn2þ concentrations above 1 mM. Mixed effect
of these two modulators was observed at 0.5 mM Zn2þ. Based on these results,
we suggest that DDPE stabilizes the tolaasin channel but it does not inhibit the
binding of Zn2þ, representing their binding sites or working mechanisms are
different.
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TOM is high molecular mass protein complex that facilitates the transfer of
nearly all mitochondrial preproteins across outer mitochondrial membrane.
Preproteins bound by different receptor subunits travel via a pore formed by
a specific subunit that constitutes an ion-conducting channel into mitochondria.
High resolution ion conductance measurements through mitochondrial TOM40
channel in the presence of peptide revealed binding kinetics. More specifically,
we have investigated the voltage dependence of the membrane transport of the
peptide pF1b through single TOM40 channel. It is shown that association rate
kon and dissociation rate koff strongly depends on the applied transmembrane
voltage and kinetic constants increase with increase in the applied voltage.
This model involves a binding site inside the channel and attractive interactions
between the peptide and binding site in the channel facilitates the peptide trans-
location at increasing voltage. Our analysis of the data provides a full quanti-
tative description of all the relevant thermodynamic, kinetic and electric
parameters including a detailed formulation of the peptide partition through
the channel at single molecule level.
Reference
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The permeabilization of mitochondrial and plasma membranes by synthetic
polycationic peptides derived from the Cry11Bb protoxin was studied. The
peptides were designed with the aim to further study of their antimicrobial
and anticancer activities. It was observed that the membrane permeabilizing
activity of these polycationic peptides strongly increased by the transmem-
brane potential (minus inside). This phenomenon was confirmed by the study
of the artificial planar membrane permeabilization: applying 50 mV to the pla-
nar membrane (minus to the trans side) during 30 sec induced time-dependent
increase in the transmembrane current in the presence of a peptide added to
the cis side, while subsequent application of the opposite potential caused
its decrease. We also observed that the activation of the cell suicide mecha-
nism, which partially revealed in phosphatidylserine exposure at the cell sur-
face, significantly increased the plasma membrane permeabilization by
polycationic peptides. Some peptide topology characteristics, such as the
value and the orientation of the electrical dipole moment(s) interacting with
the membrane dipole potential seem to also be important factors influencing
the membrane-permeabilizing activity of polycationic peptides. In general,
our data are consistent with the concept that various electrical properties
of biomembranes (the transmembrane potential, membrane dipole potential
and the surface charge) might explain at least partially certain selectivity of
antimicrobial and anticancer activities of many natural and synthetic polyca-
tionic peptides. (Financial support: Colciencias (Colombia) research grant
#111840820380).
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Colicins are antibacterial toxins produced by Escherichia coli cells to kill
closely related competing bacteria. They are large proteins (>40kDa) com-
posed of three domains. The N terminal and central domains are required to
cross the gram negative outer membrane whilst the C-terminal domain carries
a toxic activity such as a nuclease or pore-forming function. The pore forming
domains are all homologous, ten helix bundles with a buried hydrophobic hair-
pin which is exposed in the membrane bound state. As a result, unfolding of the
domain is required for function and, for some colicins such as N, this is a sig-
nificant barrier to in vitro study. Two colicins, A and B, show significantly en-
hanced membrane insertion at low pH and this has been correlated with the
formation of an acidic molten globule. Furthermore colicin A requires acidic
lipids in the inner membrane of target cells whilst colicin N, which shows no
pH sensitivity, does not. The mechanism for this pH sensitivity has been un-
clear. Here we show that helix N-Cap residues are the critical pH switch. At
several sites in Colicin A, surface Asp residues replace the Asn found in colicin
N. Surprisingly mutation of these surface Asp to Ala leads to a molten globule
phenotype whereas replacement by Asn stabilises the domain. HSQC NMR
shows that the effects of the Ala mutations are not localised. Examination of
the structure at each site shows that each critical Asp is a helix N-capping res-
idue. Protonation of each Asp destabilises the colicin and allows membrane in-
sertion. This not only solves the riddle of colicin A pH dependence but also
reveals a generic method for pH regulation of protein stability.
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Members of the Coronaviridae family are enveloped viruses causing in humans
from common colds to acute respiratory syndrome and, in animals, a variety
of lethal diseases of economical relevance. The envelope (E) protein from
coronaviruses (CoVs) is a small polypeptide that modulates coronavirus
morphogenesis, tropism and virulence [1]. SARS-CoV E protein forms an
amphipatic alpha-helix that expands the viral membrane once and displays
